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Chapter 1
ana + LOG = anaLLOG

1.1 Introduction

The emergence of a very-large-scale-integration (VLSI) design style for analog
systems holds unique simulation challenges. In digital VLSI design, analog circuit
simulators are used for the electrical verification of small circuit sections with high
accuracy. The discrete nature of these systems permits the use of abstract switching
models for the analysis of macroscopic logic and timing behavior. This is indeed for-
tunate, as a circuit simulation of a VLSI system using a traditional analog simulator
is computationally impractical.

Analog VLSI design requires simulation tools that concentrate on the functional
performance of an analog system, as opposed to a fully accurate electrical character-
ization, to verify correct behavior more efficiently. Such a simulator requires models
that capture the functional essence of analog circuit primitives in a computationally
simple manner. In addition, the structure of an analog design needs to be exploited
by creating abstractions of circuit building blocks, rather than simulating circuits
with their primitive description. This approach ultimately results in a hierarchical
description of a large analog system, which can be simulated at different levels of
abstraction, trading off accuracy and efficiency. The higher-level descriptions may
be correct for only certain regions of operation, with range checking to indicate
improper usage. Finally, the numerical methods used to simulate the description
must reflect the unique requirements of functional simulation. By using these tech-
niques, a simulation tool tailored to the verification of analog VLSI systems may
be developed for a workstation environment.

The analog VLSI design style is directed toward system designers, as opposed
to integrated circuit engineers. A successful analog VLSI designer must develop an
intuition for parallel analog computation, as a digital VLSI system designer needs to
develop skills in digital logic and circuit design. The user interface of a traditional
circuit simulator, however, is directed toward an experienced electrical engineer,
being batch mode (with textual input and output), unforgiving to the novice user,
and isolated from other VLSI design tools. Clearly, the user interface of a analog
VLSI simulation tool needs to be made more sympathetic and educational to a
perspective designer from a nonengineering background.

A better simulation user interface portrays the metaphor of an electrical engi-
neering lab bench. Using a bit-mapped display and a pointing device, the user can
draw circuits in a schematic editing environment. As the circuit is being drawn,
however, it is also being simulated, because a circuit under construction on a lab
bench is always in operation. Symbolic multimeters and oscilloscope probes are
available for the display of the ongoing simulation. Schematic voltage and current
sources provide system input, with user control of the excitation, and graphical in-
dication of source overload. The functional simulator, rather than standing alone,
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shares the lab bench with tools for documentation, integrated circuit mask design
and verification, and other simulators.

LOG, an interactive graphical environment capable of hosting tools for simu-
lation, documentation, and integrated circuit layout, has been developed by David
Gillespie at Caltech. This thesis describes an analog functional simulator, Ana,
which includes functional models for a standard cell library of analog computation
building blocks designed by Carver Mead. Ana, LOG, the standard cell library, and
a graphical layout editor form the basis of a design system used in the analog inte-
grated circuits course at Caltech. The remainder of this chapter is an introduction
to the LOG environment, and to the Ana simulator.

1.2 The LOG Environment

The LOG operating system provides a natural framework in which to manipu-
late systems describable as a list of interconnected objects with a static number of
ports. The system includes a schematic editor, using a bit-mapped graphics screen
and a pointing device, and an object-oriented interface mechanism for external pro-
grams. This mechanism allows full integration of tools for simulation, design, and
documentation into LOG without source-code access; it functions as a software bus
for a set of interrelated programs.

The user creates systems in LOG by graphically interconnecting objects, called
gates. Gates are not dynamically definable; they are selected from a predefined
catalog. Their definition can include an association with a tool; a gate thus can
possess type. Each port of a gate, called a pin, also can be typed. When the user
creates an instance of a gate, a node for each pin is created and is added to a global
node list. The node assumes the type of the associated pin. The user edits the data
structure by connecting pins together with wires; redundant nodes are eliminated
from the node list during editing. The pins of a gate always are cognizant of their
respective nodes. Type checking by LOG ensures nodes of different types can never
be merged; type casting is available for exceptions.

The LOG interface mechanism for external programs is based on message pass-
ing. A tool has an interest in gates and nodes of its type. LOG sends messages
to a tool concerning the definition, creation, manipulation, and deletion of these
structures. LOG also sends general messages to a tool, such as “send debugging
information about your tool.” A tool is given access to the entire LOG data struc-
ture while responding to a message, with the understanding that only tool-specific
sections may be modified. LOG also provides a procedure library to support data
structure manipulation and the user interface.

Simulators are tools that predict the transient behavior of a system. Whereas
most tools share only the LOG data structures, simulators share two dimensions
of time. Because simulation and editing should appear to be simultaneous to the
user, each simulator shares CPU time with other simulators and LOG. Multiple



simulators may be used together to predict the behavior of a mixed type system:;
LOG manages stmulation time as a global resource.

A simulator can respond quickly to most messages, allowing LOG to maintain
a respomnsive graphical editing environment. Computationally intensive messages
specify a maximum response time constraint; a simulator polices itself. LOG adjusts
this ttme-slice according to user input activity, allowing transparent switches be-
tween a high-performance simulation environment and a crisp editing environment.
Timed messages have protocols concerning the noncompletion of the message.

The management of simulation time is more complex. LOG begins with simula-
tion time reset to zero; the user may also reset the system. During reset, a message
sent to each simulator requests initialization of the system state. LOG and the user
can request reset, but only simulators can advance simulation time and state. LOG
regulates the simulation through several messages.

The pass message asks a simulator to compute an advance of simulation time
and state for its system. The data structure may not have remained constant since
the last pass message, but all pertinent changes have been reported to the simulator.
A simulator cannot veto a data structure change or reset simulated time; it must
contend with a dynamic system. A simulator reports whether time and state were
successfully advanced as it returns from the pass message; an unsuccessful pass
either implies that more CPU time is needed for simulation, or that the present
data structure is not suitable for simulation.

A simulator advances the state of its own system; simulation time is shared by
all simulators and must be managed globally. LOG allows all simulators to attempt
advancing time; the smallest increase is accepted by LOG, while simulators bidding
larger steps are requested to simulate up to the accepted time step. The tstep
message informs a simulator of the status of its bid. After a uniform time advance,
the simulators update internal system state in lockstep.

1.3 An Overview of Ana

A central aspect of an ideal analog VLSI simulation environment is the simul-
taneous editing and simulation of a system. The LOG operating system provides
an excellent framework for this environment, offering a schematic editor with data
structures appropriate for simulators, a communication system that informs tools
of relevant system changes in an abstract manner, support for multitasking and
multiple simulators, and the global management of a graphical user interface. The
design of an analog simulation tool portraying the lab-bench metaphor in LOG
raises several challenging issues.

In LOG’s multitasking protocol, a tool must control its maximum response time
to a simulation message. Constructing the simulation algorithm as a collection of
distinct, computationally simple tasks is a method of response-time regulation. The
message response can be considered a finite-state machine, executing each task in



proper sequence until the allotted time has been exhausted, then saving the present
position for a future message receipt.

A LOG simulator must contend with preserving the state of an incrementally
changing system. In Ana, each pin of a gate has a small parasitic capacitance.
When a gate is created, the parasitic capacitors are initialized. During the course of
a simulation, these capacitors contain the complete state of the gate. When the data
structure is changed, Ana uses this redundant information to evolve faithfully the
state of the modified system from the original, presenting an illusion of continuous
simulation. System state also can be reset to preset values by the user.

Ana attempts simulation only if every pin of each gate of a system is connected
to some other pin, excepting measurement gates. A system of this nature is defined
as complete. As a result, minor changes can be made transparently, but simula-
tion stops during major editing, preserving system state and avoiding numerical
instability.

The lab-bench metaphor demands robust simulation, as nature always finds
the fixed point! The “soft” circuit modeling style of Ana promotes robustness.
All excitation sources have output impedance and overload limiting. A capacitive
path fully couples all pins of a gate to each other and to ground, and all active
outputs posses DC impedance. Power and ground, the sole “hard” signal sources,
are syntactically checked for shorts. Soft modeling allows a system to absorb abrupt
changes gracefully.

The mathematical modeling style of Ana also contributes to its stable character-
istics. All functions used in gate description are continuous with fully defined first
derivatives throughout their range. The numerical methods in Ana use symbolic
derivates, not finite differences. The avoidance of gross roundoff errors, and the use
of functions with defined derivates, both increase stability.

An adaptive implementation of backward Euler integration is used in Ana. A
full description and analysis of the method is given in Chapter 2 and Chapter 3.
The implementation offers robust performance, with medium accuracy and com-
putational simplicity. A noniterative equation solver, special methods for evolving
the state of a dynamic data structure, and adaptive relaxation of accuracy during
difficulty also aid convergence.

The responsiveness and flexibility of the LOG user interface must also extend to
simulation tools. Ana can simulate a screen-sized system with sufficient speed for
an interactive session. A hierarchical modeling system drives this performance; the
library contains concise models for many common circuits. The simple, adaptive
integration method also contributes to efficiency.

Equally important to user productivity is the leverage of the Ana user inter-
face. Visual simulation feedback allows the quick correction of schematic eniry
errors; model parameters and system state can be changed with a single keystroke.
Schematic multimeters can be added to display results; the simulator easily inter-
faces to oscilloscope and plotting tools for graphical output. The pointing device



can become a status “probe” to scan the system quickly, and schematic wires can
“glow” in various colors to show state. Many gates have warning displays to relate
abnormal conditions; sources have “switches” to vary excitation. All these features
can be activated without stopping the simulation.




























































































































































